Introduction
The systematic investigation of the phase diagram of the perovskite manganites was initially performed on La 1− Ca MnO 3 in fiftieth [1, 2] . After the discovery of the colossal magnetoresistance (CMR) effect in the doped perovskite manganites R 1− A MnO 3 (R: rare -earth, A: alkali -earth elements) these materials became a popular subject because of their fascinating physical properties such as competing magnetic order, metal -insulator transitions and charge/orbital ordered (CO -OO) [3, 4] states observed in doped manganites. The system offers a high degree of chemical flexibility. This leads, together with a complex interplay between structures, electronic and magnetic properties, to very rich phase diagrams involving various metallic, insulating and magnetic phases [4] [5] [6] . These properties are sensitive to doping concentration , average cationic radii A , and mismatch in ionic radii σ 2 = ( 2 − A 2 ), where and are the atomic fraction and ionic radii of -type ions at A site, respectively.
It is well known in the manganites exhibiting CMR, the ferromagnetic T C increases with the average radius A 0 3− Na MnO 3 and the charge ordering transition is also highly sensitive to A and T C O increases with the decrease of A .
A larger A enhances the bandwidth of the electron in Mn ion which favours double exchange (DE) interaction between Mn 3+ and Mn 4+ through the bridging of oxygen ions. This stabilizes the ferromagnetic metallic phase at low temperatures. The conductivity in the ferromagnetic metallic state is explained by Zener's double exchange mechanism [3] [4] [5] [6] [7] . Lower values of A result in narrow electron bandwidth. In this case, the kinetic energy of itinerant electron is not high enough to enable a charge delocalization. Hence these systems may achieve a charge -ordered (CO) antiferromagnetic (AFM) ground state which is electrically insulating [8] or ferromagnetic insulating ground state [9] .
Previous studies [10] [11] [12] [13] [14] showed that the A -site cational size mismatch can lead to random local lattice distortion. In Tomioka and Tokura's study, they found that the A -site disorder has great effects on the properties of manganites and gave the phase diagram of disorder versus A [12] , also many studies [15, 16] showed that T C has been related to the variance in the distribution of A and the T C decreases significantly with the variance, σ 2 based on the studies of manganites with fixed A . A similar study of the variation of T C O with σ 2 in Ln 0 5 A 0 5 MnO 3 for fixed A values of 1.17 Å and 1.24 Å has shown that T C O is not sensitive to the size mismatch σ 2 [17] .
The Jahn -Teller effects [18] and Coulomb interactions play an important role in these systems which results in the distortion of Mn -O octahedra determining the nature of the CO state in these materials [19] . 3 solution at 333 K. Suitable amounts of citric acid and ethylene glycol as coordinate agents were added and a complete homogenous transparent solution was achieved. This solution was subjected to a slow evaporation at 333 K until a high viscous residual was formed and a gel was developed during heating at 443 K. The gel was thermally treated at 873 K for 5 hours for the purpose of organic precursor decomposition. After grinding, the samples were calcinated in air at 1273 K for 5 hours. The structure and phase purity of the prepared samples was checked by powder X-ray diffraction (XRD), using Cu K α radiation by step scanning (0.02°) at room temperature. Refinements of the XRD data were carried out with the Rietveld refinement using the program FULLPROF [20] . The microstructure and elemental distribution of the samples were studied in a 5410 LV Jeol scanning electron microscope (SEM), which includes an energy dispersion spectrometer (EDS). Magnetization measurements versus temperature in an applied field of 500 Oe were recorded using a Foner magnetometer (FON) equipped with a superconducting coil between 10 K and 300 K. This variation is not in agreement with the increase of Na which leads to an increase of A due to the difference in ionic radii of Ca 2+ IX Ca 2+ = 1 18 Å and Na + IX Na + = 1 24 Å [21] . This suggests that A is not the essentially responsible for the change of the structural parameter for this system. This unexpected result suggests that size differences between the different cations located in the A-site must be taken into consideration, as it is known, larger value of σ implies higher degree of disorder and so a higher degree of structural distortion. To affirm this result, we have calculated the values of the lattice constant, quantity D O (%) characterizing the orthorhombic deformation, which can be written as We notice that calculated diffraction patterns match well with the measured ones.
Experimental details

Results and discussion
that the σ 2 and (D O (%), σ 2 JT ) parameters are of different origins, the first is deducted from the value of A and the second are the result of the refinement Rietveld. The values of these three parameters are listed in Tab. 2. From Fig. 3 we can see the same variation for these three parameters, we note that the variation of σ 2 for the system La 0 7 Ba 0 3− Na MnO 3 [22] et La 0 7 Ca 0 3− K MnO 3 [23] is not the same observed for our system and also the sample with = 0.1 has the highest value of σ 2 that maintains elevated values of orthorhombic deformation D O (%) and Jahn-Teller distortion σ 2 JT . Hence higher degree of disorder induces higher degree of structural distortion which induces the minimum of the cell volume. Hence, it can be seen in the La 0 7 Ca 0 3− Na MnO 3 system that the variance σ 2 controls the structural distortion and as a result the variation of the cell volume is inversely proportional to variation of the structural distortion. peratures increase/decrease with the increase/decrease of A [22] [23] [24] [25] and the relationship between T C and A is due to the linkage between A and the Mn-O-Mn bond angle . the variation of the Mn-O-Mn with is not important in our system. In this case we have considered the effect of the average Mn-O distance which control the Jahn -Teller effect on the variation of T C . Fig. 5 shows that the T C decreases with the increase of Mn-O . We concluded that the physics of our system is primarily dominated by two competing mechanisms, the JahnTeller effect which tries to localize carriers and the double exchange which tries to delocalize carriers.
On the other hand, one observes a second transition at the low temperatures that appears for 0.1 and behaves like an anomaly in FM state with decreasing amplitude with increase in . This behavior is the same observed by B. Dabrowski [26] and that he assigns a charge ordering transition at T C O a phenomenon that he explains by a decrease of the effective magnetic moment of the samples at low temperatures. This result of the apparition and the reduction amplitude of anomaly observed in low temperature in M(T ) is in agreement with the variation of σ 2 JT for 0.1.
In fact, for = 0.1, σ 2 JT is maximal and the anomaly appears with higher amplitudes corresponding to a strong electron-phonon coupling arising for = 0.1 from the Jahn-Teller distortion of the MnO 6 octahedra. For 0.1,σ 2 JT decreases which implies a decrease of electronphonon coupling and therefore the decrease of amplitude of observed anomalies in the M(T ) curves. Furthermore, the Jahn-Teller distortion is responsible for the decreases of the T C [19] . Indeed the Jahn-Teller splitting of the (M ) orbital is closely related to overlapping in the MnO 6 octahedra. An increased electron-phonon coupling is expected when the band width associated with the (M ) − 2 σ (O) − (M ) hybridization becomes narrower [27] and as result the (DE) is weakened. It is possible that a coupling between the lattice and magnetism via the Jahn-Teller distortion plays a role to the very sharp drop in the magnetization observed. IX + Na =1.24 Å) [21] . The low-temperature thermal evolution of magnetization was fitted to Bloch's T 3/2 law [28] which can be written as
whereM(0 0) and M(T 0) are the spontaneous magnetization at T = 0 K and at finite temperature, respectively and the prefactor B is a characteristic constant of the spin waves at low temperature [29] who can be written as (4) where is the Lande factor, µ B is the Bohr magneton, B is the Boltzmann constant and D is the spin wave stiffens constant. The stiffness D is defined by spin wave dispersion relation
where E( ) is the spin wave energy, is the wave vector and ∆ is the gap arising from anisotropy or applied magnetic field. In our analysis we assume ∆ = 0. . It is well-known that D is directly proportional to the exchange integral A and the Curie temperature is directly proportional to the total exchange integral A [30] . Hence, from the experimental results of the decrease of the Curie temperature and the increase in values of Bwith , plotted in the Fig. 7 , it can be seen that the substitution of Ca by Na ions causes a decrease in total exchange integral A of the samples. On the other hand, the value of B increases (D decrease) with increase of effective cationic radius A who is not in agreement with the result of N. Ghosh [31] showed that the spin stiffness constant D increases with increase of A in the system La 0 7− Nd Pb 0 3 MnO 3 , This contradiction is due to the variation in non monotonous of the variance σ 2 with A for our system. Hence, the thermal evolution of magnetization for the low-temperature in our system is influenced by the size mismatch σ 2 .
Conclusion
In this work, we have investigated the crystal structure and magnetic properties of perovskite La 0 7 Ca 0 3− Na MnO 3 (0 0.20) compounds. There is no structural transition due to substitution of Ca 2+ by Na + . All the samples crystallize in an orthorhombic structure with the Pnma space group. Our study shows that the structural and magnetic properties depend strongly on the cation-size disorder parameter σ 2 . For = 0.05 and 0.10, σ 2 increases which causes a decrease of the cell parameter and the unit cell volume. On the other hand, we have found that σ 2 decreases for = 0.15 and 0.20, which leads to an increase of the cell parameters. Magnetic measurements M(T ) show that our compounds exhibit a paramagnetic-ferromagnetic transition at T C for = 0 and 0.05. Therefore, the M(T ) curves reveal the presence of two types of magnetic transition for = 0.10, 0.15 and 0.2. The first one is from the paramagnetic state to the ferromagnetic one at T C . The second transition occurs at low temperature, indicating the presence of a charge ordered state. We have also found that as Ca 2+ is progressively replaced by Na + ions, the total exchange integral decreases causing a decrease in the Curie temperature T C .
